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Abstract
Processes within porous building materials, water-filled soils pores and many other porus medias modeled by the cellular 
automation (CA). We propose an algorithm for counting isolated objects in random generate granular systems. The algorithm is 
based on a Leviald’s cellular automation (CA). We use regular two dimensional network in which a pore is presented with 
uniform distribution. The algorithm is tested on various networks which are generated near the percolation threshold.
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1. Introduction
Morgology of a systeme has toplology and geometry. Topology of a system is its aspect of interconnectitivity of 
its microscopic elements. System's geometry is shapes and size of these elements. Disordered system accounts its 
toplogy and geometry. In [1, 2] are presented some techniques for caracterizing morphology of porous materials. 
There are two modeling approaches to this problem: chemical and geometrical modeling. Here, we use second 
approach in which the detail of reaction kinetics and transport processes are ignored. Porosity P is the volume 
fraction of the open pores. The porosity is influenced by main features of diagenetic processes, which are:
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mechanical formation of grains, soltions of gain minerals, alteration of grains, precipitation of pore filling minerals, 
cements and other materials. In [3] a simple geometrical model is proposed for diagenesis. Here, we introduce an 
algorithm which counts grains in any 2D rectangular network. Also, as one result are perimeters of the grains. We 
use an effect of connectivity and percolation of pores and grains.
The concept of CA was first proposed by John von Neumann in 1950s through self-reproducing systems [4]. 
Later, the formalization was improved by different authors emphasizing different perspectives. The application areas 
of CA become very different, ranging from, biology [5, 6], sociology [7], image processing [8], wafer diagnostics 
[9, 10], diffusion of soil pores [11], etc.
A CA can be informally represented as a set of regularly and locally connected identical elements. The elements 
can be in a finite set of states. The CA evolves in discrete time steps, changing the states of elements according to a 
local rule, which is the same for all elements. The new state of each element depends on its previous state and on the 
state of its neighborhood. The neighborhood is composed of all directly connected elements. The characteristic 
properties of CAs are therefore locality, discreetness and synchrony. The CA algorithms are, from the computational 
point of view, similar to the local numerical methodologies, which have been proven to be convenient for parallel 
execution [12, 13].
Such a simple definition has several advantages, e. g, CA is not limited by the number of elements, its evolution 
is inherently parallel, it has a strong re-semblance to the important approaches in the nature like principles of cells 
that are building blocks for large systems, or elementary particles, etc. Heterogeneous computing, supported with 
data flow approaches [14] on early designs on wafers [15] and present-day Systems-on-Chips (SoC), field 
programmable gate array (FPGA) and graphic processing unit (GPU) systems are promising platforms for the 
implementation of the efficient CA algorithms. The difficulties with global communication and manipulation of non 
local data can be partially alleviated with fast high-radix routing [16]. 
Identification and counting of isolated regions in binary images are important problems in image processing, 
machine vision, porous materials analysis, solidification processes [17] and many other fields of science. The 
shrinking of binary picture patterns, which is a step towards the recognition and counting the image objects, has 
been first, investigated, using CAs, by Levialdi and Beyer [18]. 
In this paper we propose an algorithm for counting object of arbitrary shapes in 2D rectangular network. The 
algorithm is based on Leviald’s CA that counts 1-connected parts after transformations of the initial image. The rest 
of the paper is organized as follows. In the next section, definitions are introduced that enables to the CA. In Section 
3 the algorithm for counting finite holes and its computer implementation is described. Also, some experimental 
results are introduced.
2. Definitions
We consider a cellular automation (CA) as a 2 dimensional lattice network of square cells (grid). Each cell can 
exist in two different sates, 0 or 1. Usually, state 0 is commonly called ”white” (a grain) and state 1 is commonly 
called ”black” (a pore).
Cells of the lattice network change their states in discrete moments in time, time steps. Cell’s next state is defined 
by local transition function (rule). Local transition function manages with altering state of each cell, based on the 
present state and states of neighborhood’s cells. We use Moore neighborhood (Fig. 1 a)) and typical enumeration for 
the rectangular array (Fig. 1 b)). 
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Fig. 1. Moore neighborhood and its enumeration
6WDWHRIWKHFHQWUDOFHOOLMLQDPRPHQWWZHGHQRWHE\F(i,j) (t). Arguments of a local transition function are 
ordered collections c (t) = (cLMí(t), c(i+1,j)(t), c(i+1,j+1)(t), cLMí(t), c(i,j)(t), c(i,j+1)(t), cLíMí(t), cLíM(t), cLíM(t)) 
of the neighborhoods cell’s states in time step t. We use graphical notation for this (for example, in Fig. 3). An 
isolated cell is a black cell with all white neighboring cells. This alternation of cell states is synchronously. 
The initial configuration is represented by a 2-D grid of square cells and each cell can exist in two different 
states, white or black. Boundary cells are in fixed white state and remain constant throughout the simulation. All 
UHPDLQLQJ FHOOV RI WKH JULG DUH FRORXUHG EODFN ZLWK SUREDELOLW\ S DQG ZKLWH ZLWK SUREDELOLW\  í S 7KHVH
probabilities are independent for each cell. An example with p=0.62 is shown in Figures 5.
Two cells (i1, j1) and (i2, j2) are (weakly) adjacent if (max {|i1 íL2 | , |j1 íM2 _` _L1 íL2|+|j1 íM2 _7ZR
black (white) cells (i1, j1) and (in, jn) are connected if there exists a sequence of black (white) cells (ik , jk N
n, such that each pair (iNí, jNí) and (ik, jk) are adjacent. A maximum connected region of black cells is called a 
component.
Similarly, black (white) cells (i1, j1) and (in, jn)  are weakly connected if there exists a sequence of black (white) 
cells (ik , jk   N  Q VXFK WKDW HDFK SDLU LNí, jNí) and (ik, jk) are weakly adjacent. A maximum weakly 
connected region of white cells is called a hole. Always there is a single external (infinite) hole. For example, in 
configuration C0 from Figure 2, we have four components (C1, C2, C3, C4) and three finite holes (H1, H2, H3).
We solve the problem of counting finite holes in an initial configuration. 
Fig. 2. A 11x11 configuration C0
C2
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C4
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2.1. Cellular automation A1 and its properties
The Levialdi’s CA A1 is defined with local transition rules published in [18]. The local transition function ĳA1
is defined by the following (Eq. 1):
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Fig. 3. States which define local transition function for CA A1
By R1ƍZHGHQRWHWKHUXOHRIWKHORFDOWUDQVLWLRQIXQFWLRQĳA1 (r1) = 1 and by R2ƍZHGHQRWHWKHUXOHRIWKHORFDO
transition function ĳA1 (r2) = 0.
It is proved [18] that repeatedly applying those rules to a weakly connected component:
1. Only black cells that do not disconnect the component will be erased, 
2. Every distinct component remains distinct and either vanishes at each different position or in same position but 
at different time steps, 
3. A single isolated cell will be obtained for each component, 
4. Maximum number of time steps necessary for shrinking a component to a single isolated cell is equal to the 
distance of the top leftmost corner of the rectangle circumscribing the component and its black cell most distant 
from it.
5. It is shown that for any configuration of size m x n, all of the component will vanish within (n+m-1) time 
steps.
3. Counting holes algorithm and experimental results
We present an algorithm for counting holes in an arbitrary grid. All transformations on the grid’s cell depend 
only of its state and states of its neighborhoods. This algorithm is a parallel processing algorithm. Implementations 
of the algorithm is made in NetLogo 5.0.4 (agent-based programming language and integrated modeling 
environment).
In [21] an algorithm with same outcome is presented. This algorithm has one step less and as cosecuence complexity 
is smaller.
Let C0 is a configuration. The Counting holes algorithm has two steps:
1. Inverse the configuration C0 . As result we have configuration ¬C0.
2. Transform the configuration ¬C0 using CA A1 until all 1-components vanish or there is no more black cells 
which are transformed in white. In the vanishing process, each component is reduced to a single isolated black cell. 
Count the number of the isolated black cells. Denote their number by h(C0).
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Fig. 4. Solution for the example from Figure 2.
3.1. Theorem 1
The number of finite holes in a configuration C0 is h(C0).
After first step in the algorithm, a weakly connected white component became weakly connected black 
component i.e. holes in inversed image are black weakly connected coponents. Hence, proof of Theorem 1. follows 
from properties of CA A1.
The only global operation in the algorithm is the steady state checking. Such an approach can be very efficiently 
parallelized, as the communication between computing nodes is minimal. The parallelization takes place on a lowest 
level, the inner loop. The spatial loops are parallelized on shared memory architecture via an Open MP API.
Table 1.
Probability Mean complexity Mean number of holes
0.5 42.45 128.1
0.51 46.51 148.03
0.52 51.38 174.53
0.53 58.18 205.68
0.54 69.82 239.91
0.55 79.88 283.23
0.56 91.62 324.49
0.57 122.4 381.58
0.58 141.06 443.89
0.59 168.37 513.12
0.6 189.95 598.68
0.61 172.75 694.61
0.62 157.9 796.49
0.68 63.21 1537.74
In Fig.4 are outputs from first and second steps of the algorithm for the configuration from Figure 2. In Figure 5 
is an example of 201x201 grid which is generated by 0.62 probability (for a black cell). 
In the table are presented some experimental reslults. We tested the algorithm 100 times for 201x201 grids with 
different probabilities. The effect of connectivity and percolation of cells is the reason why we chose these 
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probabilities. Mean complexity is mean value of the number of time steps of the algorithm in 100 tests. Mean 
number of holes is the mean values of the number of holes in 100 tests.
Using property 5. of CA A1 we can calculate the perimeter of a smallest arounding rectangle of a hole (grain). In 
algorithm, the perimeter can be obtained as double number of time steps from the beginning of transformation a hole 
to an isolated cell. A chart for the algorithm's seven tests on 201x201 grid which are generated by 0.58 probability 
are presented in Figure 6. Horisontal axis present perimeters of holes and vertical axis number of holes for a 
perimeter. 
Fig. 5. Solution for a 201x201 grid with 0.62 probability
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Fig. 6. A test of 7 times on 201x201 grid with 0.58 probability
In [20] is presented a thinnig CA algoritham which can be defined as an uniform diagenetic process. In the grain 
configuration from Figure 5 using the maximal thinning, with saving connectivity, a configuration from Figure 7 is 
obtained. The number of holes is same but perimeters are different and porosity is smaller ((number of black cells) / 
(all cells  without boundary cells) is about 0.26).
In [22-34] we can find many interesting algorithms and their implementations in material responses for different 
applications.
Figure 7. A result of algorithm from [20] tested on configuration from Figure 5.
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